Abstract: This paper reviews progress made over the last decade with the shrinking object approach to the kinetics of batch dissolution. It demonstrates how the O'Connor-Greenberg equation leads to three dissolutions: those that remain well undersaturated, those that saturate with a great excess of solid left-over, and those in the middle ground where saturation is approached or attained, but where much of the solid originally added dissolves. The equations that describe these conditions are discussed, alongside sample results that validate their use with test substances, for example, salts, sucrose, silica gel, and gypsum. The equations are then shown to be consistent with the hydrodynamic approach to dissolution. Finally, further work with middle-ground dissolutions of gypsum lead to a mechanism for the back-reaction, which involves the CaSO 4 0 ion-pair. After comparison with existing studies of calcium carbonate dissolution, it is argued that this is a universal mechanism for salt dissolutions. The work improves batch dissolution as a technique to the point where it can be used synergistically with chemo-stat and rotating disc approaches. Suggestions are made for greater standardization in dissolution conditions, especially in environmental work where the data collected has to have global consistency.
INTRODUCTION
Historically, dissolution kinetics has been studied in many different disciplines on a case by case basis, rather than within a central topic in its own right. This undoubtedly reflects the immense relevance of the subject to a whole host of industrial and scientific problems, for example, in pharmaceuticals [1] , mineral extraction [2] , and in environmental science, generally [3] . However, this does not necessarily maximize communication of good practice across the disciplines. Over the last decade and within aquatic geochemistry, a mathematically analytic solution to the equation that describes the increase of solute concentration with time during a batch dissolution has been developed and tested in this laboratory [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . This paper reviews these findings to make them more generally available, and to stimulate greater synergy between batch and chemo-stat dissolution [14, 15] approaches. So far, these techniques have tended to be viewed competitively but the recent work reveals that they have much to offer in com-bination. Overall, the review shows how it should soon be possible to take advantage of a new round of environmental dissolutions supported by a more highly standardized approach.
Between about 1970 and 2000, dissolution study within environmental chemistry was dominated by an attempt to reduce the geological weathering of the many thousands of rocks found upon the earth, to a single table of parameters. This considerable undertaking was based upon the transition-state theory (TST) approach [16, 17] which predicted that the net rate in a dissolution which would reach saturation with a considerable excess of solid left, would be first order in the fraction of the reaction remaining, (1 -c/c sat ), where c and c sat are the solute concentrations at time, t, and at saturation, respectively. In practice, however, in very many cases the best available solution has been a nonlinear one involving (1 -c/c sat ) m , with m ≠ 1 [18] [19] [20] [21] [22] , which appears to indicate a major flaw in the TST approach. Meanwhile, the splinter group concerned specifically with biogenic silica dissolution [6, 7, [23] [24] [25] [26] [27] [28] generally adopted an exponential fitting. Biogenic silica (opal) is formed as an exoskeleton (the frustule) by diatoms (and radiolarian). Its dissolution is of interest in its own right as an oceanographic process but also in futuristic geo-engineering [29] . There, it is intended that excess carbon dioxide in the atmosphere should be drawn to the sea floor in diatoms, thereby ameliorating the effects of global warming and consequent climate change. In a parallel process involving Foraminifera sp., accelerated calcium carbonate deposition might similarly convert atmospheric carbon dioxide into chalk [27] . The relatively dense silica and carbonate materials sink the organisms in the ocean. However, and this explains the need for the dissolution kinetics, significant dissolution on the way down could hamper the overall transport of carbon by allowing it to regenerate back into the water column.
The net rate of silica gel dissolution has been modeled [31] with a differential equation comprised of a forward and a back reaction (hereafter, the O'Connor-Greenberg equation):
where k 1 and k 2 are rate constants for the forward and reverse reaction, respectively, S is the surface area of the solid in contact with the solvent of volume, V. Under conditions where the surface area changes insignificantly, this equation requires the net rate in a dissolution which will reach saturation with a considerable excess of solid left, to be first order in the fraction of the reaction remaining, (1 -c/c sat ), since
Finally, a trivial integration predicts that in such a dissolution the solute concentration will rise exponentially, since 
The shrinking sphere model for biogenic silica dissolution proposed by Kamatani, Riley, and Skirrow [32] (hereafter, the KRS model) was developed from the O'Connor-Greenberg equation [31] . It covers the above, commonly known saturation condition, but also that in which a significant loss of surface area occurs during dissolution. Although it was actually applied to some frustule dissolutions [32] , no further development occurred until it was revived in the program reviewed here.
This review shows then, how the KRS shrinking sphere model [32] has been generalized into the shrinking object model [10] , and therefore how batch dissolution can be parameterized through dissolutions which are (i) undersaturated [8, 13] , (ii) attain saturation with a major excess of solid still present [13] , and (iii) are intermediate, in that saturation is approached or even attained, but where nevertheless much of the added solid is consumed [13] . Further, the review shows that these equations are consistent with the hydrodynamic approach to heterogeneous kinetics [33] [34] [35] . Although it has been known for about a century that dissolutions need to be approached in this way, environmental dissolutions have generally paid this little attention, often holding on instead to a more familiar, chemical approach. Indeed, as the present program grew out of the biogenic silica literature it initially suffered from that perspective [11] .
From here, the review continues with a brief account of the major problems encountered in environmental dissolution of samples, which have shaped this program. A précis, exemplified with key results, follows the way in which the KRS model [32] has been extended, tested, and finally aligned with hydrodynamic theory [8] [9] [10] [11] [12] .
MAJOR ISSUES SHAPING ENVIRONMENTAL DISSOLUTIONS

Sample preparation
Environmental dissolutions have always been troubled by problems of sample preparation [36] , with the difficulties varying according to the materials studied. Thus, rocks need to be crushed to convenient size before they are dissolved, and, unbeknownst to early workers, "crushing fines" accumulated on the faces of larger mineral particles, causing an unrepresentative initial, rapid rate of dissolution. The effect was overcome either by cleaning particles prior to dissolution with, for example, hydrofluoric acid, or by subjecting them to a predissolution, prior to any measurement [36] .
Meanwhile, frustules present their own complications. The samples derive from natural or cultured organisms, presenting as a polydispersed population, and too little sample is available for a sieving. Further, as exoskeletons support softer cellular material a decision has to be made as to whether un-cleaned samples or those cleaned with an enzyme or a strong oxidizing agent best represent an in situ dissolution rate [5, 37] . Experience [5] suggests that measurements can be made either way, although it is a matter for judgment as to which is the better for a given purpose.
Long reaction times
Dissolutions of biogenic silica and rock particles can take upwards of two months, especially when conducted at low temperatures (~1 °C) representative of some natural conditions [23] [24] [25] [26] [27] [28] . In the work under review, advantage was taken of the Arrhenius relationship [5] but even at 40°C, dissolutions were inconveniently long [6, 7] . Prior to investigating substances it seemed better to seek to understand the equations for batch dissolution. An intuitive use of sodium chloride [8] invoked a change in chemistry huge enough to invalidate the modeling approach (salt is ionic and crystalline; biogenic silica is covalent and amorphous), but its success actually revealed that the KRS model [32] satisfies the conditions because it is as much a physical model as a chemical one. Early success with sodium chloride [8] then, encouraged further work with sucrose [10] , silica gel [11] , and gypsum [12] , with various aspects of the approach being progressively probed as each new compound was studied.
The misapplication of the simple exponential model to batch dissolution of frustules
It was demonstrated [6, 7] that fitting the simple exponential model to a dissolution run which will cease in an unsaturated state, that is, where the supply of solid has run out, is mathematically incorrect. As explained in the introduction, this misplaced application of the saturation condition to the undersaturated case underpinned most frustule dissolutions of the late 20 th century. It was shown further [6, 7] , that derivation of an exponential curve for the undersaturated case [26] relied upon the false assumption that the rate equation can be couched in terms of the concentration of solid in the system (5) In any case, as with [26] , at that time biogenic silica dissolution modeling only entertained the forward reaction. The O'Connor-Greenberg model (eq. 1) is therefore immediately superior as it invokes a net rate for forward and back reactions. Only in very special circumstances [8] can the back reaction rate considered to be insignificant.
"Nonlinear kinetics" in frustule and rock-particle dissolutions
During the work reviewed here it was reported [6] that frustule dissolution did not appear to follow the O'Connor-Greenberg model. The problem arose when the initial rate of silica dissolution was measured in a series of tubes loaded with the same amount of solid but containing progressively increasing background silica concentrations. The initial rate of dissolution did not decrease linearly with increase in dissolved silica concentration, as the O'Connor-Greenberg model demands (eq. 1). Similar problems had been encountered during dissolution of natural samples of marine sediment [38] or frustules [18] in a chemo-stat. Moreover, together, these experiences seemed to tie-in with those in mineral dissolution, where the net rate was nonlinear in (1 -c/c sat ) [18] [19] [20] [21] [22] , as explained in the introduction. As these nonlinear kinetics might arise from inadequate experimental control, the experiment was examined closely [11] . The results of this are described below.
THE SHRINKING OBJECT MODEL AND WELL-UNDERSATURATED DISSOLUTION
Integration of the KRS equation [29]
Based upon the O'Connor-Greenberg equation [31] , the KRS equation [32] expresses the surface area loss during dissolution as an increase in solute concentration. The term for this, (c T -c) 2/3 , is then incorporated in the integration alongside that of (c sat -c) generated by the use of a net rate [31] . Hence: (6) where N represents the number of spheres, M B , the solid's molecular weight, ρ, its density, and c T is the concentration that is finally attained when all of the added solid has dissolved. (In an undersaturated dissolution, this is equivalent to the solid loading.)
The above argument has been presented [8, 11] as a series of simple transformations. In the first, the surface area of each sphere is expressed in terms of the sphere's radius (S = 4πr 2 ), thereby introducing a square term to the integral. This radius is then transformed into the volume of the spheres, ν, using, ν = 4/3ؒπr 3 ; this introduces a 1/3 power to the integral. The volume of the sphere is then transformed into an available mass of solid, m, using the solid's density, ρ. Finally, this mass can be expressed as the difference between the mass, m 0 , originally added to the reactor, and that which has 
Generalization to the shrinking object model
Equation 6 was shown to apply to the dissolution of any regular object [10] , whence the assemblage of constants including M B and ρ is essentially the surface area to volume ratio of the object, raised to the power 1/3. For example, for a cube rather than a sphere, the only difference is that the right-hand side of eq. 6 becomes
Application to well-undersaturated dissolution
In well-undersaturated conditions (c sat >> c), eq. 6 can be integrated to give the Truesdale model [8] (8)
This yields [8] (
where a Tr is a constant, such that for a sphere [12] (10)
According to eq. 9, runs with different-sized particles but at the same loading of solid will yield straight lines on a plot of (c T -c) 1/3 vs. time which fan out, with negative gradients, from a common intercept, c T ; the steepest gives the fastest dissolution. The term, a Tr , was named the shrinking object rate parameter [12] , the subscript Tr relating it to the Truesdale equation (eq. 9). The concentration term in eq. 9 can be rationalized by dividing through by c T 1/3 , so that
= a R Tr ؒt + 1 where f u is the proportion of the solid loading that has yet to dissolve, and the rationalized shrinking object rate constant, a R Tr , is defined (superscript, R, indicating rationalization). According to eq. 11, on a plot of (1 -c/c T ) 1/3 vs. time runs involving different loadings of the same particle size of solid, will yield a common straight line with an intercept of 1. Meanwhile, the use of different loadings of differently sized particles will provide a fan of straight lines with negative gradients and a common intercept, 1; the steepest will indicate the fastest dissolution.
Equations 9 and 11 have been validated in experiments with sodium chloride, nitrate and citrate, potassium nitrate and copper sulfate [8, 9] , sucrose [10] , silica gel [11] , and gypsum rock [12] , as exemplified by Fig. 1 . With the salts and gypsum-rock runs, analysis was conducted in situ using conduc- timetry; the latter demanded an ion-pairing model. Sucrose was detected in situ by UV-spectrophotometry using a flow-cell. Dissolved silica analysis was conducted on subsamples of the dissolution mixture using the molybdenum-blue method [40] .
Uncertainties in the use of eq. 11
An analysis of uncertainties in the use of the Truesdale equation (eq. 9) was conducted according to the approach used earlier with the log plot for first-order reactions [40] . This showed that points at lower ordinate values will show greater uncertainty because the scale emphasizes the later part of the dissolution. Thus, for example, ordinate values of 0.46 and 0.22 correspond to 90 and 99 % of dissolution, respectively. The uncertainties in the straight line arising from the error in the estimate of the final concentration for a dissolution run were similarly assessed [10] .
The equation of the concentration vs. time plot
Equation 9 expands [8] to give the concentration of dissolved substance as a cubic expression in time:
This provides a nonlinear fitting to concentration vs. time data (Fig. 2) as well as a convenient means to simulate dissolution behavior in a spreadsheet [8] . 
Dissolution runs with two sizes (bi-dispersed) of particles
It has been stated [9] that high undersaturation, where the small concentration of solute is insufficient to provide a significant back-reaction, is the sole and necessary condition for particles to undergo dissolution independently. Knowing this, it was possible to simulate dissolutions involving two or more different particle sizes by simply summing two (or more) independent statements of eq. 12:
where subscripts 1 and 2, refer to the two types of particle, respectively. This has been validated with sodium chloride [9] , sucrose [10] , silica gel [11] , and gypsum [12] , as exemplified in Fig. 1 . The middle line is derived from the rationalized form of eq. 13, so that it can be plotted along with the components dissolving separately, which are themselves rationalized plots according to eq. 11. The ordinate value for each point for the plot was calculated from the left-hand side of eq. 13 as
The variation of shrinking object rate constant with particle size
It has been proved mathematically [10] that the shrinking object rate constant (eq. 11) varies inversely with particle size. For example, for a cube (15) where all symbols have their meaning from above, and ν 0 and 0 are the starting volume and sidelength, respectively. Equation 15 has been validated with sucrose [10] , silica gel [11] and gypsum [12] , Later discussion here will demonstrate that this is potentially important to future collation of dissolution kinetics information.
THE SHRINKING OBJECT MODEL WITH MIDDLE-GROUND DISSOLUTIONS
Middle-ground dissolutions approach or just reach saturation, but where the solid's surface area is reduced significantly during the dissolution. This is straightforwardly the shrinking object model, but as given in the KRS equation [32] . As with eqs. 9 and 11, a shrinking object rate parameter, a Ka , is the objective of fitting the model to experimental data, where the subscript, Ka, identifies it with the KRS equation [12, 32] . At the next step, the shrinking object rate constant, a R Ka , is obtained as the gradient of a plot of a Ka against c T 1/3 or by rationalizing individual measurements arithmetically. This equation was validated [12] over several orders of magnitude of solid loading in separate investigations with 106-and 250-μm particles of gypsum, as exemplified in Fig. 4 . The set of 106-μm particle dissolutions extended from 0 to 0.013 mol l -1 , that is, to just below saturation (0.015 mol l -1 ). Linear regression with the KRS model yielded coefficients of determination of >0.997, showing that the straight lines were robust. When the shrinking object rate parameters, a Ka , from these plots were themselves plotted against c T 1/ 3, a robust straight line with coefficient of determination of 0.999 for 4 degrees of freedom, was obtained. Similar experiments with 250-μm particles at solid loadings equivalent to between 0 and 3.49 × 10 -2 mol l -1 gypsum also yielded robust straight lines; in all cases the coefficient of determination was 0.999 for two degrees of freedom. Linear regression of a Ka against gypsum loading similarly yielded a high coefficient of determination of 0.986 for 2 degrees of freedom. 
THE SHRINKING OBJECT MODEL AT SOLID-LOADINGS WELL IN EXCESS OF SATURATION
As explained in the introduction, this approach which uses a great excess of solid (eq. 4) is the most well known of the three conditions available. Nonetheless, it has often been mistakenly applied to undersaturated condition.
Concern that the occurrence of "nonlinear" kinetics in batch dissolutions [6] might actually reflect inadequate experimental design led to a more robust design [11] . It is recommended [11] that, where possible, this should be performed early in any investigation of the dissolution kinetics of a new compound. With it, more time and effort are directed into producing points on the straight line, which is eventually used to detect any deviation from linearity, rather than into the initial rate measurements, themselves. The method involving about six tubes containing progressively greater concentrations of solute, which were each analyzed for their initial dissolution rate, is replaced with one in which a greater number of tubes are run as a single group over a fixed dissolution time. Where full dissolution time is longer than about 20 min, the group can be analyzed a second or even third time.
The proof of this design [11] relies upon the solute concentration in each tube increasing exponentially with the same rate constant, but over a different span of reaction. The effect is essentially the corollary to the "half-life" concept of exponential decay, where in each case the proportion of reaction attained is constant over a constant time period. This new design was validated [11] at 52°C, with both sieved silica gel and freeze-dried frustules of Odentella sp. Neither displayed significant nonlinear behaviour of the kind reported earlier [7, 18, 38] , as exemplified in Fig. 5 . Batch dissolution 1121 Fig. 4 Examples of middle-gound dissolutions of 106-μm particles of gypsum, fitted nonlinearly to the shrinking object model (KRS equation [29] ). Concentration in the run with lowest loading has been multiplied 30 times; it appears as the second curve up but otherwise would be indistinguishable from the abscissa. c sat = 0.015 mol l -1 . The figure is a slightly amended version of that in [12] .
THE CONSEQUENCES OF THE RECENT IMPROVEMENTS TO BATCH DISSOLUTION
The choice of conditions to use in a dissolution
The three dissolution conditions expounded above of well-undersaturated, middle-ground, and saturation with a great excess of solid present, allow various combinations of k 1 , k 2 , and c sat of eqs. 1, 3, and 4 to be measured. Provided any two of the three variables are known, the third is defined by eq. 3. Now that linear equations can be fitted to the first two conditions, instrumentally there is little to choose between determinations of k 1 and k 2 . Given the relative ease of measuring c sat , this will often be preferred, leaving an open choice between the first two sets of conditions. Provided the temperature is not changed, a single reliable measurement of c sat will suffice. Note that when one experimental variable, e.g., stirring rate, is being changed in a step-wise investigation, eq. 3 demands that any proportional change in k 1 , is followed by the same in k 2 . Figure 3 shows how chemo-stat and batch dissolution measurements correspond [12] . Thus, for a given reactor operating under given physical conditions (temperature, turbulence, etc.), Fig. 3 will provide a value of the rationalized shrinking rate parameter, a R Tr , which, together with a solid loading, c T , will allow the cubic equation (eq. 12) to define the increase in solute concentration with time. It is the gradient of this curve at a particular time which will correspond with the chemo-stat measurement, made under the same reactor conditions. Note though, that the setting up of corresponding chemo-stat and batch measurements is inherently difficult [12] . Note also [12] that generally, the chemo-stat approach has not been applied to dissolutions that encounter changes in surface area, the condition covered by eq. 12. Nonetheless, this is a practical deficiency in the use of the chemo-stat approach rather than anything fundamental. It has also been argued [12] that, if expanded to include many other hyperbolae representative of other stirring conditions, in effect, Fig. 3 would represent a repository of dissolution information for any given substance. Thus, Fig. 3 characterizes the dissolution behavior of a substance under a particular stirring regime by its hyperbolic constant [12] . However, slower or faster stirring would yield, respectively, curves below and above that in Fig. 3 . Indeed, Fig. 3 is but one projection of a 3D diagram involving shrinking object rate constant, stirring rate, and particle size. An equivalent projection of shrinking object rate constant vs. stirring rate, contoured in particle size, could also be drawn, and even another one with shrinking object rate constant contoured on a plot of stirring rate vs. particle size [12] .
Figure 3 as a key concept in compiling data on dissolution kinetics
Dissolution of particles of complex shape and particle-shape change during dissolution
While generalization of the shrinking sphere model will extend the model's usefulness to many different substances, it will also benefit biogenic silica dissolution study. Thus, frustules appear in many different shapes and with ornamentations, and it ought to be possible to deal mathematically with these as assemblages of standard regular objects such as slabs, cubes, cuboids, etc. [10] .
Similar consideration shows that the good agreement obtained between theory and practice with the shrinking object model is somewhat surprising given that crystalline solids, at least, are believed to dissolve preferentially at edge dislocations. This ought to change the shape of particles during dissolution, as already observed with magnesium oxide [38] . In terms of the modeling, this would demand a time-dependent change in a Tr (eq. 10). Potentially, these are interesting possibilities linking modeling at the macro-scale to that on a molecular scale.
A yet simpler concept for the shrinking object model
The shrinking object model [8] [9] [10] [11] [12] [13] has been conceived more simply [10, 11] as the shrinkage at a constant linear rate, ϕ, of a regular particle's principle linear dimension. For example, for a sphere the radius, r, would reduce from its original radius, r 0 , according to
Equation 16 has been shown [10] to be compatible with the cubic equation, eq. 9.
The above concept has revealed [10] an alternative way to study the dissolution dynamics of a population of identically shaped particles, which is distinct from the simulations already described above with eq. 13. It relies upon measurements of the size distribution of the population of particles as they dissolve, made with an electronic counter, e.g., Coulter counter or cell cytometer. The approach was exemplified [10] with a normally distributed population, but provided that a close mathematical approximation to the actual distribution is available, it will work with any distribution. The essential point is that over any fixed time, the key dimension of all particles within the distribution will decrease by the same amount so that the distribution (Fig. 6 ) will move wholesale, toward the ordinate, at a constant rate. The basic shape is retained although the side immediately against the ordinate gradually disappears because the frequency of occurrence of sets of particles is conserved even though the particles decrease in size, and until they disappear.
The concentration vs. time plot for the dissolution of the population is developed through the transformations already applied in deriving both the KRS model [32] and the Truesdale equation (eq. 9). That is, the increase in concentration over any elemental time period is calculated from the total volume of solid which disappears over that same period. The transformations can also enumerate the variation in distribution of mass, surface area, or volume of solid, as dissolution progresses [11] ; a question raised many years ago in frustule dissolution [26] but not answered satisfactorily without the transformations. This technique is expected to enjoy wide application [10] .
HYDRODYNAMICS Background
The mass transport or hydrodynamical approach to heterogeneous reactions was proposed over a century ago after the earlier Nernst theory had been shown to be inadequate [33] . The approach has been reviewed many times [33] [34] [35] 42] . Kinetic control of the flux of material through two layers adjacent to the solid surface is determined by extremes of either chemical or mass-transfer control, with an intermediate region of mixed control [33] [34] [35] 42] . The differential equation representing each of these cases is of the form (17) where symbols have the meanings already established in this paper, and c s and c are the concentrations of the solute in the solution against the surface and in the bulk mixture, respectively. The exponent, n, is either 1 from theory, or an empirically derived number which is usually 1, anyway [33] . The concentration of solute immediately against the surface need not be a saturation concentration. The rate constant k 3 is either k C or k T for the chemical and transport controlled conditions, respectively, or a function of both, (k C × k T )/(k C + k T ), in the intermediate case. Accordingly, the O'Connor-Greenberg equation (eq. 1) corresponds entirely with the three hydrodynamic equations [13] . Indeed, whatever workers may have been intending to do when applying the O'Connor-Greenberg equation, they have actually been satisfying the hydrodynamic approach. Given that c s need not be the saturation concentration the hydrodynamic equations, if anything, provide a less constrained fitting than does the shrinking object model.
From batch measurements at high undersaturation, the dissolution of both silica gel and gypsum have been found to be transport limited [11, 12] , and it was concluded that a scaling factor, Ψ, could be applied to the whole right-hand side of the O'Connor-Greenberg equation to allow for change in mixing 
The results for gypsum (Fig. 7) suggested that within the zone of a turbulent suspension Ψ fits well to an exponentially increasing function of stirring rate, indicating a transition between mixed hydrodynamic control and chemical control. This ties in well with other results for gypsum [43, 44] .
In respect to the argument above that Fig. 3 is but one projection of a 3D graph of dissolution rate constant vs. both stirring rate and particle size, Fig. 7 should be seen as one other. Thus, a rectangular hyperbola similar to that in Fig. 3 can be drawn for any of the stirring rates depicted in Fig. 7 . Further, at appreciably lower stirring rates, the particles would all lie on the bottom. It has been conjectured that the shrinking object model should hold in that laminar-flow condition (Fig. 7) , with appropriately adjusted values for k 1 and k 2 in eq. 1; this would be heavily transport-controlled dissolution.
THE NEED FOR STANDARDIZATION IN DISSOLUTION WORK
A prime requirement of dissolution work is to be able to compare the dissolution dynamics of all substances [11] . If such data are to be globally compatible, greater standardization is required, especially between chemo-stat and batch dissolutions, where hydrodynamic issues concern both identically. Inconsistencies are well exemplified by experience with gypsum [43, 44] . These matters could be progressed either by standardizing the batch or chemo-stat reactors themselves or by establishing standard substances with which to calibrate the hydrodynamics. Given eq. 18, the latter approach appeals as the means to effectively rationalize Ψ across all laboratories. Nonetheless, this itself would need to rely upon a standard international dissolution reactor which, at the moment, does not exist.
